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INTRODUCTION 


Objective 

The  objective  of  the  investigation  reported  herein  is  to  develop  an 
expedient  surfacing  system  for  Marine  Corps  airfield,  road,  and  logistic 
support  area  applications.  Heavier  duty  surfacings  than  FRP  are  needed 
to  accommodate  large  container/material  handling/transporting  equipment 
and  aircraft.  These  surfaces  must  also  be  logistically  superior  than 
present  metal  mattings.  This  report  documents  the  results  of  developmental 
efforts  to  date  in  meeting  this  objective. 

Background 

In  the  execution  of  Marine  Corps  amphibious  landing  operations, 
aircraft  and  other  heavy  equipment  (e.g.,  material  and  container  handling 
and  transporting)  will  be  involved.  Traf finable  surfacings  are  required 
for  effective  operation  of  such  aircraft  and  heavy  equipment.  These 
surfacings  must  have  the  following  characteristics: 

(a)  Rapid  placement 

(b)  Native  material  not  required 

(e)  Trafficable  within  an  hour  after  placement 

(d)  Able  to  carry  loadings  without  damage 

(e)  Smooth  and  impermeable 

(f)  Easily  and  quickly  repairable 

These  criteria  evolve  from  requirements  to  construct,  operate,  and 
maintain  such  surfacings  under  adverse  combat  conditions.  Sandwich 
surfacing  composed  of  polyurethane  structural  foam  between  outer  layers 
of  fiberglass-reinforced  polyester  (KRP)  (Figure  1)  appears  to  be  an 
excellent  candidate  for  the  surfacing  to  meet  the  above  criteria. 
Accordingly,  the  Civil  Engineering  laboratory  (CEL)  is  pursuing  the 
development  of  this  surfacing,  identified  as  FOMAT. 

Conventional  surf,  rings  such  as  asphalt  and  port  land  cement  concrete 
do  not  completely  satisfy  the  above  criteria.  Both  rely  heavily  on 
native  material  (sand  and  gravel)  as  vital  components  in  their  construct  ion. 
These  native  materials  may  require  extensive  processing  or  may  have  to 
bo  hauled  in  over  a long  distance.  Additionally,  concrete  takes  many 
days  to  cure  before  it  is  trafficable.  Thus,  these  surfacings  are  not 
satisfactory  for  use  in  initial  Marine  Corps  landing  operations. 
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Specialized  matting  has  been  developed  previously  for  constructing 
heavy-duty  expedient  surfacings  for  military  applications.  These  mattings 
are  constructed  of  steel  or  aluminum.  Although  effective  as  a surfacing 
for  their  particular  applications,  these  mattings  possess  some  critical 
deficiencies.  These  mattings  (1)  are  bulky  and  thus  occupy  valuable 
shipping  space,  (2)  have  seams  and  joints  through  which  water  can  seep 
to  weaken  and  erode  the  subgrade  soil  and  through  which  soil  can  be 
pumped  and  eroded  away  by  jet  blast  and  wind,  and  (3)  are  difficult  to 
repair  or  replace.  Therefore,  these  specialized  mattings  do  not  completely 
satisfy  all  of  the  criteria  specified  previously. 

FOMAT  as  an  expedient  surfacing  for  airfields  and  other  areas  used 
by  heavy  equipment  promises  to  meet  all  of  the  criteria  specified. 
Polyurethane  products  are  highly  developed  and  are  commercially  available 
in  liquid  form  for  use  in  fabricating  foam  layers  to  desired  dimensions 
and  strength.  In  other  developmental  efforts,  the  Marine  Corps  has 
acquired  an  Advanced  Multipurpose  Surfacing  System  (AMSS)  for  roadways 
based  on  FRP  as  the  sole  surfacing  [1,2,3].  This  same  system  is  used 
for  the  outer  FRP  layers  in  FOMAT  construction.  Thus,  the  structural 
components  used  in  FOMAT  construction  are  already  highly  developed.  The 
combination  of  these  components  into  a sandwich  structure  extends  their 
load-carrying  capability  by  optimizing  use  of  their  desirable  properties. 

The  basic  principle  of  the  sandwich  structure  in  carrying  or  sup- 
porting a given  load  is  analogous  to  a wide  flange  or  I-beam  under 
similar  loading  [4],  With  a beam,  the  flanges  experience  tension  or 
compression  (depending  on  the  loading  and  location  of  the  neutral  axis), 
and  the  web  transmits  shear  load  to  the  beam  supports.  The  beam  config- 
uration of  web  and  flanges  results  in  an  efficient  and  economical  struc- 
tural member  with  a minimum  of  weight-to- load-carrying-capacity  ratio. 

The  concept  of  FOMAT  Is  to  utilize  this  basic  principle  of  the  beam  to 
achieve  a surface  with  an  efficient  weight-to- load-carrying-capacity 
ratio.  In  the  FOMAT  structure,  the  outer  FRP  layers  and  the  inner 
polyurethane  core  are  analogous  to  the  flanges  and  web,  respectively,  of 
a beam. 

Since  the  concept  of  FOMAT  met  all  of  the  desirable  criteria  and 
possessed  the  best  potential  of  meeting  program  objectives,  the  development 
o f FOMAT  as  an  expedient  surfacing  system  has  been  pursued.  The  develop- 
mental effort  thus,  far  has  included  preliminary  laboratory  model  studies, 
beat/blast  test,  hook/impact  tests,  and  aircraft  wheel  traffic  tests. 


FOMAT  DESCRIPTION 
Material  Components 

In  all  of  the  experiments  performed  and  reported  here,  each  FOMAT 
specimen  was  constructed  using  the  same  material  components,  which  are 
summarized  in  Table  l.  A close  accounting  of  the  material  used,  however, 
was  not  feasible  since  some  of  the  raw  materials  - such  as  the  resin  and 
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catalyst  - have  short  shelf  lives.  As  a result,  the  materials  used  in 
each  experiment  may  have  originated  from  different  "batches"  during 
manufacturing  and  were  at  different  stages  of  their  shelf  lives.  It  is 
believed  that  variations  in  the  batches  and  storage  time  before  use  of 
each  material  have  little  effect,  if  any,  on  the  completed  FOMAT  specimen. 

Several  combinations  of  density  and  thickness  of  the  polyurethane 
foam  core  were  used  in  constructing  FOMAT  test  specimens  used  in  these 
experiments.  They  were: 

3 

Density  (lb/ft  ) Thickness  (in. ) 


15  2 

20  1 & 2 

The  outer  FRP  layers  (in  all  cases)  were  composed  of  two  layers  each  of 
fiberglass  matting.  The  completed  FOMAT  sections  using  the  above  foam 
thicknesses  and  fiberglass  layers  were  approximately  1-1/2  and  2-1/2 
inches  thick. 

Several  types  of  fiberglass  matting  construction  were  used  in 
fabricating  FOMAT  test  specimens.  Early  in  the  program,  fiberglass 
matting  consisting  of  chopped  random  fibers  was  used.  Subsequently,  a 
matting  type  as  shown  in  Table  1,  consisting  of  woven  fiberglass  fibers 
on  one  side  and  chopped  random  fibers  on  the  other,  was  used.  The  woven 
fiberglass  layer  is  referred  to  by  the  fiberglass  industry  as  "woven 
roving";  this  same  terminology  is  used  in  this  report.  The  net  weight 
in  ounces  per  square  foot  of  the  first  type  of  matting  was  approximately 
the  same  as  that  shown  in  Table  l,  which  is  for  the  second  type  of  matting. 

Laboratory  Specimen  Construction 

In  general,  the  procedures  used  for  constructing  laboratory  FOMAT 
specimens  is  as  described  below.  Each  laboratory  specimen  was  constructed 
as  follows: 

1.  The  preformed  foam  billet  of  required  thickness  was  placed  on  a 
horizontal  surface. 

2.  A piece  of  fiberglass  matting  slightly  larger  in  dimensions 
than  the  foara  core  was  placed  on  the  foam  with  woven  roving  side  upward. 

3.  Sufficient  resin  was  mixed  and  poured  onto  the  fiberglass. 

U.  The  fiberglass  was  immediately  rolled  with  a small  hand  roller. 

5.  A second  fiberglass  matting  was  then  placed  onto  the  previously 
installed  fiberglass  also  with  woven  roving  side  upward. 

b . The  remaining  resin  from  the  above  batch  was  then  poured  on  the 
fiberglass  and  the  fiberglass  rolled  in  the  same  manner  as  the  first  layer. 
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7.  The  resin  was  permitted  to  cure  (approximately  15  to  30  minutes). 
The  half-completed  FOMAT  sample  was  then  inverted  to  install  the  fiberglass 
layers  on  the  other  ride.  .Installation  of  the  fiberglass  layers  on  this 
second  side  was  performed  in  the  same  manner  as  with  the  first  side. 

Field  Panel  Construction 

The  construction  of  field  FOMAT  test  panels  followed  a slightly 
different  procedure  than  that  described  above  for  laboratory  specimens. 
After  leveling/smoothing  off  the  ground  surface,  the  following  procedure 
was  used  to  construct  8 x 12-foot  FOMAT  panels  using  the  Marine  Corps 
Low  Rate  Spraying  Unit: 

1.  A thin  coating  of  resin  was  sprayed  over  the  ground. 

2.  The  first  layer  of  fiberglass  matting  was  placed  with  woven 
roving  side  down. 

3.  Resin  was  sprayed  onto  the  fiberglass. 

4.  The  fiberglass  was  then  rolled  with  a large  long-handled  hand 
roller. 

5.  Before  the  resin  in  the  first  fiberglass  layer  had  gelled,  a 
second  fiberglass  layer  was  placed  with  woven  roving  side  down. 

6.  Resin  was  sprayed  onto  the  new  fiberglass. 

7.  The  fiberglass  was  again  rolled. 

8.  Immediately  more  resin  was  sprayed  onto  the  fiberglass  in 
sufficient  quantity  to  insure  good  bond  between  the  installed  FRP  layers 
and  the  preformed  4 x 4-foot  polyurethane  foam  core  billets  which  were 
next  placed  and  weighted  down. 

9.  After  the  resin  had  cured,  the  weights  were  removed  and  a layer 

of  fiberglass  matting  was  placed  on  the  foam  with  the  woven  roving  side  up. 

10.  Resin  was  sprayed  and  the  fiberglass  rolled. 

11.  Immediately  another  layer  of  fiberglass  matting  was  placed 
with  cl-  .oven  roving  side  down. 

12.  Resin  was  sprayed  and  the  fiberglass  rolled. 

The  FOMAT  panels  as  constructed  in  the  field  differed  somewhat  in 
terms  of  physical  dimensions  of  the  bottom  FRP  layer  from  those  fabricated 
in  the  laboratory.  The  thickness  of  this  FRP  layer  varied  with  the 
permeability  of  the  soil.  As  the  permeabiltiy  of  the  soil  increased, 
the  thickness  of  the  bottom  layer  (which  included  some  resin  saturated 
soil)  increased. 
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EVALUATION  TESTS  AND  RESULTS 
Preliminary  Analysis 

To  determine  the  applicability  of  FOMAT  as  a structural  surfacing, 
two  sections  were  analyzed  using  a finite  element  computer  code  developed 
at  CEL  for  layered  pavement  systems  [5].  In  the  analysis,  a linear 
elastic  model  is  assumed  along  with  the  following  conditions:  (1)  the 

surfacing  had  an  infinite  width,  (2)  the  supporting  soil  was  a cone 
frustum  with  sides  sloping  outward  at  30  degrees  from  the  vertical  and, 

(3)  the  outer  boundary  of  the  cone  was  free  to  move  vertically  but  was 
restrained  h >rizontally . 

The  FOMAT  configurations  analyzed  were:  (1)  1/4-inch-thick  FRP 

faces  with  a 2-inch-thick  20-pcf  foam  core,  and  (2)  1/4-inch-thick  FRP 
faces  with  a 2-inch-thick  10-pcf  foam  core.  The  20-pcf  core  configuration 
was  considered  to  be  the  upper  limit  of  core  density  that  still  retained 
a logistics  advantage  over  AM-2  matting.  The  second  configuration,  with 
the  10-pcf  core,  was  felt  to  represent  the  lower  limit  of  strength  to 
support  the  required  loads. 

The  load  applied  by  the  F4  aircraft  was  used  in  this  analysis.  The 
F4  tire  print  was  simulated  by  a uniformly  loaded  circular  area  11.5 
inches  in  diameter,  A tire  pressure  of  250  psi  was  utilized  yielding  a 
total  load  of  26,000  pounds. 

Three  subgrade  conditions  were  analyzed  to  cover  a range  of  possible 
conditions.  Subgrades  with  California  Bearing  Ratios  (CBR)  of  4,  15, 
and  50  were  selected.  To  utilize  these  subgrade  strengths  in  the  finite 
element  computer  code,  it  was  necessary  to  derive  equivalent  elastic 
moduli  for  the  subgrade.  The  moduli  were  based  on  experimental  data  in 
a previous  CEL  study  of  FRP  surfacing  |6).  The  moduli  used  were: 


CBR 

Subgrade  Elastic  Modulus 

Poisson's  Ratio 

4 

1,400  psi 

0.20 

15 

3,750  psi 

0.20 

50 

14,400  psi 

0.20 

The  outputs  from  the  computer  analyses  were  compared  with  the 
ultimate  strengths  of  the  FOMAT  component  materials.  The  results  of 
this  comparison  are  shown  in  Table  2.  Based  on  the  values  of  the  ratio 
of  ultimate  strength  to  calculated  stress,  it  is  apparent  that  the  10-pcf 
foam  would  be  at  Incipient  failure  under  compressive  loading  equivalent 
to  that  used  in  the  analyses.  However,  the  same  loading  on  the  20-pcf  foam 
would  result  in  stresses  well  within  the  load-carrying  capability  of  the 
foam.  A decision  to  pursue  further  developmental  work  with  15-  and  20-pcf 
foam  was  made,  based  on  this  analysis. 

An  additional  computer  analysis  was  made  using  AM-2  matting  as  the 
surfacing  on  a CBR  4 subgrade  soil.  The  deflections  frota  this  analysis 
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were  compared  with  those  obtained  from  the  analysis  on  the  10-  and  20-pcf 
foam  core  FOMAT.  The  results  of  this  comparison  are  shown  in  Figures  2 
and  3.  FOMAT  deflected  cons4  lerably  more  under  similar  conditions  than 
did  AM-2  matting. 

Laboratory  Load-Bearing  Test 

Tests  were  performed  in  the  CEL  model  subgradc  on  4 x 4 foot  FOMAT 
panels  constructed  of  2-inch-thick  20-pcf  foam  sandwiched  between  two 
layers  of  1/4-inch-thick  FRP.  The  objective  of  these  tests  was  to 
validate  the  preliminary  analysis  made  by  the  finite  element  computer 
code  and  to  determine  the  behavior  of  the  panels  under  simulated  field 
loading  conditions.  Also  included  in  the  tests  was  a 2 x 6 foot  section 
of  AH-2  matting. 

Prior  to  testing  of  the  FOMAT  panels,  investigation  of  construction 
techniques  was  made  to  obtain  optimum  bonding  of  the  FRP  and  polyurethane 
foam  core.  Flexural  beam  tests  on  2-inch-wide  beams  (as  shown  in  Figure  4) 
were  performed  on  specimens  to  assess  each  technique.  The  construction 
technique  described  earlier  in  the  section  "Laboratory  Specimen 
Construction"  was  finally  selected. 

The  4 x 4-foot  panels  were  tested  on  the  "mechanical  subgrade, " 
which  simulates  the  action  of  natural  subgradc  by  means  of  a spring-and- 
plunger  arrangement.  The  stiffness  of  the  subgrade  support  is  determined 
by  the  size  of  the  springs  used  (in  these  tests  k = 153  psi/in.).  The 
mechanical  subgrade  is  approximately  10  feet  square  with  a flooring  of 
3,600  2-inch-square  steel  plates  mounted  in  60  rows  of  60  plates  each. 

Each  plate  is  attached  to  a plunger  which  is  supported  by  a calibrated 
spring.  A spring  and  plunger  assembly  is  shown  in  Figure  5. 

The  loading  system  used  for  the  FOMAT  tests  consisted  of  a 100,000- 
puund-capacity  jack  and  electronic  load  cell  and  the  overhead  reaction 
frame.  The  simulated  1'4  load  was  applied  on  a 12-inch-diameter  plate 
and  the  deflections  under  load  were  measured  with  dial  indicators  mounted 
on  n rigid  beam  tiiat  had  end  supports  outside  the  loaded  area.  The  dial 
indicators  were  positioned  at  two  diametrically  opposed  edges  of  the 
steel  plate  and  on  the  FOMAT  at  9,  15,  22,  and  32  inches  from  the  center 
of  the  plate.  A typical  FOMAT  test  set-up  is  shown  in  Figure  6. 

The  deflections  produced  by  loading  the  FOMAT  panel  to  failure  on 
the  mechanical  suhgrade  are  shown  in  Table  3.  The  FOMAT  panel  failed  at 
an  ultimate  load  of  71,750  pounds.  The  foam  core  and  the  FRF  faces 
remained  bonded  through  the  loading  cycle.  A plot  of  the  deflections  at 
30,000  pounds  loading  for  the  FOMAT  and  for  the  AM-2  matting  is  shown  in 
Figure  7.  The  deflections  noted  in  Figure  7 for  the  laboratory  load 
test  at  30,000  pounds  on  the  FOMAT  compare  closely  with  the  results  from 
the  computer  code  plotted  in  Figure  2 for  a load  of  26,000  pounds  on  a 
CBR  4.  The  deflections  for  the  AM-2  matting  were  greater  under  actual 
load  than  indicated  hv  the  computer  code;  this  difference  is  attributable 
to  the  elastic  moduli  assumed  for  the  malting  and  used  as  input  to  the 
computer  program. 
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Results  from  these  laboratory  load-bearing  tests  indicate  that  FOMAT 
is  capable  of  supporting  loadings  equivalent  to  an  F4  aircraft  wheel. 

When  compared  on  an  actual  subgrade  contact  area  basis,  the  deflection 
characteristics  of  the  FOMAT  and  AM-2  matting  are  almost  identical. 

Jet  Engine  Heat/Blast  Test 

A J-57  jet  engine  was  used  at  a test  facility  at  the  U.  S.  Army 
Engineer  Waterways  Experiment  Station  (WES)  to  determine  the  effect  of 
heat  and  blast  on  4 x 4-foot  FOMAT  panels.  The  test  panels  were  posi- 
tioned on  a frame  such  that  the  engine  exhaust  stream  was  received  at  90 
degrees  (perpendicular)  to  the  panels.  The  desired  exposure  temperatures 
were  obtained  by  varying  the  engine  throttle  setting  and  the  distance 
from  the  exh  ist  exit  to  the  test  panel.  A general  view  of  the  test 
setup  is  shown  in  Figure  8. 

Prior  to  testing  of  the  FOMAT  panels,  blast  temperatures  on  the 
test  table  were  monitored  with  thermocouples  on  the  table  surface. 

Figures  9,  10,  and  11  show  the  locations  of  the  thermocouples  on  the 
test  table  and  the  respective  temperatures  for  the  nomimal  500°,  750°,  and 
1,000°F  test  cycles  that  were  used. 

The  FOMAT  panels  used  in  the  test  series  were  all  fabricated  with 
2-inch-thick,  20-pcf  foam  cores  sandwiched  between  1/4-inch-thick  FRP. 

The  dimensions  of  the  test  panels  were  4 foot  by  4 foot  by  2-1/2  inches. 
All  the  panels  were  fabricated  with  five  imbedded  thermocouples  to 
indicate  heat  transfer  within  the  specimen  during  exposure  to  the  jet 
engine  blast.  The  panels  were  subjected  to  blast  temperatures  of  500°  and 
750°F  for  five  10-second  exposure  cycles  and  for  ten  1,Q0Q°F  10-second 
exposure  cycles.  The  time  between  exposure  cycles  was  4 minutes  in  all 
cases  except  as  noted  in  Table  4.  Blast  pressure  during  the  500°  and 
750°F  exposure  tests  was  1.5  psi  and  for  the  1,000°F  tests,  it  was  2.0 
psi.  During  the  blast  tests,  the  heat  transfer  in  the  panels  was  deter- 
mined by  recording  the  output  of  five  thermocouples  molded  at  various 
locations  in  the  panels.  The  resulting  temperature  measurements  are 
shown  in  Table  4 for  each  of  the  test  panels. 

Panels  1,  2,  and  4 were  tested  as  fabricated;  panels  3 and  3 were 
coated  with  Dow  silicone  rubber  RTV  732.  The  resin  on  the  panels  had 
not  cured  completely  as  the  surface  resin  was  soft  and  sticky.  During 
the  500^  and  75O0F  exposures  the  panels  appeared  to  have  completed 
curing  as  the  surfaces,  after  exposure,  were  those  of  a properly  cured 
polyester  resin. 

Visual  inspection  of  each  panel  was  made  after  the  exposure  cycles. 
There  was  no  indication  of  material  loss  as  a result  of  the  500^  and 
730°F  exposure  tests.  In  the  l,00GrtF  exposure  test  however,  resin  loss 
from  the  panel  surface  was  noticed.  All  surface  resin  was  blown  off, 
and  the  fiberglass  woven  roving  became  exposed.  However,  the  fiberglass 
did  not  become  unbonded  from  the  lower  FRP  material.  An  example  of 
blast  and  temperature  effects  on  onr  of  the  FfifiAT  pane*-  (panel  no.  1) 
is  shown  in  Figures  12,  13,  14,  and  15,  which  are  pictures  of  the  panel 
prior  to  the  start  of  the  tests  and  after  completion  of  the  5OO0,  750**  and 
t,OOO0P  tests,  respectively. 
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The  results  from  these  tests  show  that  FOMAT  satisfactorily  meets 
requirements  to  resist  heat  and  blast  from  jet  engine  exhaust.  The 
Qualitative  Material  Requirement  (QMR)  for  prefabricated  airfield  sur- 
facings  specifies  that  heavy  duty  landing  mats  shall  be  capable  of 
withstanding  aircraft  blast  effects  of  700°F  for  10  seconds  resulting 
from  operation  including  maximum  takeoff  using  afterburners  [7].  The 
FOMAT  panels  tested  withstood  blast  effects  of  750°F  for  10-second 
duration  for  each  of  five  cycles  without  loss  of  material  or  other 
detrimental  effect.  The  blast  effects  withstood  by  the  FOMAT  test 
panels  are  higher  than  the  exhaust  blast  measured  for  the  V/STOL  AV-8A 
Harrier  aircraft  (81. 

Arresting  Gear  Hook/ Impact  Test 

The  TC3  catapult  facility  at  the  Naval  Air  Engineering  Center, 
Philadelphia,  Pennsylvania,  was  used  to  determine  the  effect  of  impaci 
from  an  aircraft  arresting  gear  hook  on  FOMAT  panels.  An  overall  • 'ey 
of  the  test  facility  is  shown  in  Figure  16.  The  catapult  assembly  on 
which  the  test  FOMAT  panels  were  installed  and  the  arresting  gear  hook 
are  shown  in  Figures  17  and  18,  respectively. 

The  QMR  for  prefabricated  airfield  surfaeings  specifies  that  critical 
areas  of  runways  surfaced  with  heavy  duty  mat  shall  withstand  five  F4 
tailhook  impacts  of  80  knots  at  equivalent  18-fps  sink  speed  at  the  same 
location  without  structural  failure  due  to  rupture  of  the  top  surface  of 
the  mat  (71.  The  hook  Impact  tests  on  the  FOMAT  panels  were  performed 
to  determine  if  FOMAT  can  meet  this  performance  specification. 

The  FOMAT  panels  used  in  the  test  section  were  all  fabricated  with 
2-inch-thick,  20-pcf  foam  cores  sandwiched  between  1/4-inch-thick  FRP, 

The  dimensions  of  the  test  panels  were  2 foot  by  4 foot  by  2-1/2  Inches. 
Overlap  joints  in  the  FRP  were  positioned  both  transversely  and  longitu- 
dinally to  the  path  of  the  arresting  gear  hook  to  simulate  field  conditions. 
Figure  19  shows  a test  panel  before  testing;  Figure  20  shows  the  same 
panel  at  the  completion  of  five  cycles  of  the  hook/impact  tests. 

Visual  examinations  were  made  of  each  FOMAT  panel  at  the  conclusion 
of  each  test  cycle.  Slight  delamination  of  small  local  areas  occurred 
on  the  surface  of  the  FRP  and  were  of  a superficial  nature.  Structural 
delaainatlon  of  the  FRP  from  the  foam  core,  however,  did  not  occur. 

Since  rupturing  of  the  top  surface  or  any  other  structural  failure  did 
not  occur  In  any  of  the  FOMAT  panels,  FOMAT  meets  QMR  specifications  for 
F4  tailhook  impact  for  heavy-duty  airfield  surfaeings. 


AIRCRAFT  42HFFI,  TRAFFIC  TttSTS 

Traffic  tests  were  performed  on  test  FOMAT  panels  constructed 
inside  otte  of  the  hangars  at  the  Waterways  Fxperittsent  Station  ( VFS ) , 
Vtckshurg,  Mississippi.  FOMAT  panels  constructed  of  different  unit 
weights  and  thicknesses  of  polyurethane  foass  cores  were  installed  over 
sand,  lean  clay,  and  heavy  clay  soils  of  various  CRR  values.  A 10-kip 
wheel  load  v,v*  Used  to  sisaulate  an  F&  aircraft  traffic  loading  on  each 
FOMAT  lest  panel. 


S 


*1 


Construction  of  FOMAT  Panels 

A typical  FOMAT  test  panel  as  constructed  at  WES  for  the  traffic 
tests  is  shown  in  Figure  21.  Each  panel  was  constructed  in  a test  pit 
8 feet  1 inch  by  12  feet  1 inch  in  plan  and  nominally  14  inches  deep. 

The  sides  of  each  pit  were  vertical  and  were  constructed  of  concrete; 
the  floor  of  each  pit  was  native,  lean  clay  soil.  Each  pit  was  lined 
with  a polyurethane  sheet  to  prevent  moisture  migration  into  or  out  of 
the  test  soil.  The  test  soils  were  backfilled  and  compacted  into  each 
pit  in  two  lifts  except  for  the  sands,  which  were  backfilled  in  one 
lift.  After  backfilling  was  completed,  each  soil  was  hand-graded  to  the 
elevation  to  allow  the  top  surface  of  each  finished  FOMAT  to  be  level 
with  the  top  of  the  concrete  boundaries.  Thus,  the  test  soil  layer  was 
nominally  either  12-1/2  or  11-1/2  inches  thick,  depending  on  whether  a 
1-  or  2-inch-thick  foam  core  was  to  be  installed.  Each  FOMAT  panel  was 
constructed  according  to  the  procedure  described  for  field  FOMAT  test 
panels  presented  earlier  in  this  report.  As  shown  in  Figure  21,  six  4 x 
4-foot  foam  cores  of  either  1-  or  2-inch  thickness  wer-'  installed  in 
each  panel.  Each  fiberglass  matting  used  was  6-1/2  feet  wide  and  was 
cut  into  8-foot  lengths.  Four  such  mattings  (double  layer  with  1-foot 
overlap)  were  used  in  the  bottom  FRP  layer  as  well  as  in  the  top  FRP 
layer.  In  the  same  figure,  the  location  of  the  1-foot-wide  fiberglass 
lap  joint  and  the  location  and  direction  of  the  test  track  are  shown. 

The  quantities  of  fiberglass  and  chemical  components  used  in  con- 
structing the  outer  FRP  layers  of  all  FOMAT  panels  were  as  follows: 

Fiberglass  „ 3,573  ft 

(Includes  210  ft  for  FRP-only  test  pit) 

Resin  4,500  pounds 

Weight  ratio  of  catalyst  to  resin  0.012 

Weight  ratio  of  promoter  to  resin  0.008 

The  resin  temperature  at  the  time  of  spraying  was  81°F.  Approximately 
1-1/2  hours  were  required  to  complete  the  construction  of  all  test 
panels . 

From  the  above  data,  it  is  seen  that  1.3  pounds  of  resin  per  square 
foot  of  fiberglass  were  used.  However,  included  in  this  figure  is  the 
indeterminable  quantity  of  resin  sprayed  on  the  ground  outside  the 
FOMAT  test  pits  to  obtain  the  correct  mixture  by  sight. 

The  results  of  the  spraying  were  almost  completely  successful. 

Notes  taken  during  spraying  and  prst-spraying  observations  of  each  FOMAT 
panel  prior  to  the  traffic  tests  that  are  significant  to  data  interpreta- 
tion are  presented  in  Table  5.  All  of  the  finished  FOMAT  panels  had 
some  air/gas  bubbles  beneath  the  surface  FRP  fiberglass. 

The  layout  of  each  FOMAT  test  panel  over  each  test  soil  is  shown  in 
Figure  22.  Also  shown  are  the  thickness  and  unit  weight  of  polyurethane 
foam  used  in  the  construction,  the  location  and  direction  of  the  test 
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track,  and  the  soil  type  and  CBR.  Figure  23  is  an  overall  view  of  the 
completed  FOMAT  test  panels  prior  to  the  traffic  tests.  The  second 
white  line  from  the  left  is  the  centerline  location  of  the  wheel. 

Soil  Data 

Various  tests  were  performed  on  the  soils  used  in  the  test  pits  (1) 
prior  to  construction  of  the  FOMAT  panels,  (2)  immediately  after  construc- 
tion of  the  panels,  and  (3)  after  completion  of  the  traffic  tests.  The 
tests  performed  included  the  CBR,  plate  bearing,  and  airfield  cone 
penetration.  The  results  from  the  CBR  and  airfield  cone  penetration 
tests  are  summarized  in  Table  6.  Results  of  the  plate  bearing  tests 
performed  on  the  three  types  of  test  soils  installed  in  the  pits  and 
prior  to  construction  of  the  FOMAT  test  panels  are  shown  in  Figures  24, 

25,  and  26.  Results  of  the  plate  bearing  tests  performed  on  each  FOMAT 
panel  prior  to  the  traffic  tests  are  shown  in  Figures  27,  28,  and  29.  All 
of  the  plate  bearing  tests  were  performed  with  a 12-inch-diameter  plate. 

Test  Setup  and  Procedures 

Traffic  loading  was  simulated  with  an  F4  aircraft  wheel  mounted  on 
the  vehicle  shown  in  Figure  30.  The  data  on  the  tire  used  are  as  follows: 

Manufacturer  B.F.  Goodrich 

Designation  Silvertown,  Nylon  Type  VIII,  Tubeless 

30  x 11.50  - 14.50 

blZG  24-ply  rating 

Pressure  250  psi 

The  30,000-pound  wheel  loading  was  obtained  by  loading  the  vehicle  with 
lead  weights. 

Traffic  loading  was  provided  by  driving  the  vehicle  backward  and 
forward,  matching  the  centerline  of  the  path  of  the  loading  wheel  with 
the  white  line  shown  in  Figure  23.  The  number  of  passes  of  the  wheel 
and  data  from  the  measurements  of  the  FOMAT  surface  elevations  and 
deflections  under  loadings  were  recorded  at  selected  intervals. 

At  selected  numbers  of  passes,  cross  section  and  profile  data  were 
taken  with  a standard  surveyor's  level  and  a special  level  rod.  All  of 
these  measurements  were  made  with  the  wheel  load  off  the  test  panels.  A 
permanent  bench  mark  located  along  the  inside  of  the  wall  of  the  hangar 
was  used  as  the  reference  datum  for  all  >f  the  collected  data.  The 
level  rod  was  adjusted  to  zero  while  on  this  Bench  mark  for  all  readings; 
thus,  all  of  the  readings  were  actual  positive  or  negative  elevation 
differences  from  this  bench  mark.  Cross  section  measurements  were  made 
at  2,  4,  and  6 feet  onto  each  test  panel.  These  locations  represent 
either  the  midpoint  of  each  foam  billet  or  the  joint  between  adjacent 
billets.  Profile  readings  were  taken  along  the  centerline  of  the  track. 
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Deflection  readings  were  taken  with  the  wheel  load  off  and  on  each 
FOMAT  panel  during  the  first  pass.  These  readings  were  taken  at  2 and  4 
feet  onto  each  test  panel.  A special  tripod  which  permitted  the  level 
to  be  located  near  the  ground  surface  was  used.  While  in  the  prone 
position,  the  operator  took  readings  off  a short1'  level  rod  that  permitted 
the  taking  of  readings  beneath  the  load  vehicle  adjacent  to  the  wheel. 
After  the  first  pass,  deflection  readings  were  taken  with  the  regular 
height  tripod  and  long  rod  to  determine  the  deflection  of  the  FOMAT 
directly  under  the  wheel.  The  height  from  the  ground  surface  to  the  top 
of  the  wheel  was  measured  as  25.5  inches.  Elevation  readings  taken 
directly  over  the  center  of  the  wheel  were  corrected  with  the  above  height 
to  determine  the  actual  deflection  of  the  FOMAT  surface  under  the  wheel. 

Test  Results 

The  performance  of  each  FOMAT  panel  under  traffic  loadings  is 
summarized  in  Figure  31  which  is  a plot  of  the  number  of  passes  of  the 
loaded  wheel  relative  to  the  average  of  before  and  after  traffic  soil 
CBR.  Plotted  in  this  figure  are  the  number  of  passes  experienced  when 
a maximum  deflection  reading  of  1.0  inch  was  obtained  at  any  of  the  two 
locations  where  measurements  were  made.  Exceptions  were  for  CH-1-20  and 
CL- 2-15  where  0.9  inch  was  used  because  it  was  the  maximum  deflection. 

The  deflection  reading  of  1.0  inch  was  chosen  arbitrarily. 

Deflection  measurements  under  the  wheel  relative  to  the  number  of 
passes  of  the  loaded  wheel  are  shown  in  Figure  32.  Included  in  this 
figure  are  the  measurements  for  FOMAT  panels  CL-2-15,  CL-2-20,  and 
S--2-20.  Deflection  measurements  for  the  remaining  FOMAT  panels  were  not 
included  in  Figure  32  because  only  a maximum  of  four  passes  were  made  on 
these  panels. 

Although  cross  section  and  profile  measurements  were  made,  the 
results  are  not  included  herein  because  these  may  be  misleading.  Since 
the  FOMAT  surface  rebounded  from  the  underlying  soil  after  passage  of 
the  wheel,  the  permanent  unloaded  deformation  of  the  FOMAT  surface  was 
always  considerably  less  than  deflection  measurements  made  on  the  same 
surface  under  load.  Thus,  deflection  measurements  represented  the 
behavior  of  the  surface  more  accurately  than  cross  section  and  profile 
measurements. 

After  the  traffic  tests  were  completed,  FOMAT  specimens  to  be  used 
in  beam  tests  were  cut  out  from  each  test  panel  from  areas  as  distant  as 
possible  from  the  path  traversed  by  the  wheel.  These  specimens  were  cut 
into  beams  2-inches  wide  and  approximately  24  inches  long.  Their  depth 
varied  from  a nominal  2-1/2  Inches,  depending  on  the  amount  of  resin 
saturated  soli  attached  to  the  bottom  of  the  beam  test  specimens.  These 
beams  were  tested  under  the  following  conditions: 


A 

About  l foot. 


Span  20.5  inches  (simply  supported) 

Load  Point  load  at  midspan 

Loading  Rate  0.30  in. /min 

The  average  ultimate  loads  obtained  under  these  conditions  for  each  beam 
specimen  are  reported  in  Table  7 under  the  column  titled  "Field  Samples." 
Bond  separation  between  the  outer  FRP  layer  and  the  inner  foam  core 
prevented  testing  of  specimens  from  panels  S-l-20,  S-2-15,  and  S-2-20. 
Also  reported  in  the  above  table  are  results  from  beam  tests  performed 
on  similar  specimens  constructed  under  laboratory  conditions  at  CEL  and 
WES.  It  should  be  noted  that  beam  strength  is  somewhat  related  to  soil 
type;  possibly,  permeability  and  water  content  properties  of  the  soil 
tended  to  influence  the  bondings  of  the  lower  FRP  layer. 

After  traffic  tests  were  completed,  sections  were  cut  out  to  permit 
inspection  of  the  cross  section  of  each  FOMAT  panel  beneath  the  path  of 
the  wheel.  Cuts  were  made  transverse  to  the  path  of  the  wheel  at  2 feet 
onto  each  panel  (middle  of  foam  billet).  The  cross  sections  of  the 
panels  are  shown  in  Figures  33  through  40.  The  centerline  of  the  path 
of  ".he  wheel  corresponds  with  the  white  line  directly  beneath  the  center- 
lii  symbol  on  the  reference  scale  shown  in  each  figure. 


DISCUSSICU 

Preliminary  analysis  t-sing  a finite  element  computer  rode  indicated 
that  ' OMAT  showed  promise  as  an  expedient  surfacing.  Subsequently, 
laboratory  experiments  performed  with  2-inch*-th ick  20-pcf  foam  sandwiched 
between  two  1/4- in<  h FRP  Faces  showed  that  FOMAT  adequately  withstood 
various  simulated  ^4  aircraft  tests.  Laboratory  test  panels  were 
successfully  tested  again  t effects  of  jet  engine  neat-blast,  F4  aircraft 
hook  impact,  and  static  F4  aircraft  wheel  loading  on  weak  subgrade  soil 
simulated  in  a mechan. cal  subgrade,  i-'ield  installation  of  test  panels 
and  traffic  testing  of  FOMA'.  vo°  therefore  pursued. 

Performance  of  Che  FOMAT  panels  in  the  traffic  tests  was  less  than 
expected.  Possible  reasons  for  the  resulting  difference  in  periormance 
from  projected  laboratorv  results  may  be  because  ef:  ()}  inconsistencies 

in  spraying  of  the  resin,  (2)  differences  in  material  properties,  (3) 
differences  in  construction  *m*cedures,  (4)  defects  in  the  constructed 
panels,  (5)  too  low  strength?  of  the  supporting  soils,  and  (6)  possibly 
FOMAT  strength  inherently  too  weak  for  the  load. 

Tests  of  4-fooc-square  FQM'T  (2-inch,  20-pcf  foam  core)  in  the  CEL 
model  subgrade  showed  that  plate  bearing  loads  of  71,750  pounds  dis- 
tributed over  . 12-ineh-tif nmeter  plate  on  a simulated  soil  with  subgrade 
modulus  of  155  pci  (4-13  CBR)  (9|  was  attainable  on  2-inch  20-pcf  foam 
core  FOMAT.  The  F4  aircraft  wheel  loading  used  on  the  FOMAT  panels  was 
30,000  pounds  distributed  over  appt jxioately  the  same  ar«a  as  a 12-ineh- 
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diameter  plate.  Thus,  the  simulated  F4  wheel  load  was  less  than  one- 
half  the  load  withstood  by  the  laboratory  specimens.  The  factors  due  to 
dynamic  loading  and  edge  effect  on  FOMAT  panel  performance,  however,  are 
not  known.  The  speed  of  travel  of  the  wheel  over  each  p.  nel  averaged 
about  2 miles  per  hour.  Edge  effects  due  to  the  proximity  of  the  wheel 
to  the  boundaries  of  the  FOMAT  panel  as  the  wheel  goes  on  and  comes  off 
each  panel  possibly  had  more  significant  effect  on  each  panel  than 
dynamic  effects  of  the  wheel. 

As  can  be  seen  in  Figures  33  through  40,  separation  of  the  bond 
between  the  bottom  FRP  layer  and  the  foam  core  occurred  in  every  panel. 
Some  separation  of  the  top  FRP  layer  occurred  in  panels  CL-2-15,  CH-2-20, 
and  CL-2-20.  The  cause  of  the  separation  could  be  several  or  could 
be  a combination  of  the  reasons  for  the  difference  in  performance  in  the 
field-  and  laboratory-constructed  FOMAT  specimens.  These  separations, 
however,  destroyed  the  load  distribution  capability  of  each  panel  and 
were  the  cause  of  premature  termination  of  the  tests.  Further  discussion 
on  each  of  the  reasons  and  possible  correlation  with  the  bond  separation 
follow. 

Spraying 

Inconsistencies  in  spraying  the  resin  may  be  responsible  for  some 
of  the  FRP/ foam  separations.  Inconsistencies  occurred  on  the  following 
FOMAT  panels: 


Panels 

Separation 

Location 

Bottom  Layer 

Top  Layer 

CH-2-15 

Bottom 

Catalyst  pump  problem 

CH-2-20 

Bottom  and  top 

Spraying  interrupted 
for  resin  resupply 

CH- 1-20 

Bottom 

Catalyst  pump  problem 

S-2-20 

Bottom 

Resin  from  different 
containers  used  to 
spray  each  layer 

Construction  Materials 

Some  differences  in  the  material  used  to  construct  each  FOMAT  panel 
may  have  been  present.  Variations  in  foam  thicknesses  from  the  nominal  1 
and  2 inches  and  from  the  nominal  15-  and  20-pcf  unit  weights  may  have 
occurred.  Some  variations  occurred  also  in  the  thickness  of  the  outer  FRP 
layer  of  each  panel.  It  is  believed  that  these  variations,  however,  have 
only  a minor  (if  any)  effect  on  the  resulting  performances  of  each  panel. 
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Construction  Procedures 


The  differences  in  the  construction  procedure  used  in  constructing 
the  field  FOMAT  panels  and  the  construction  procedures  used  for  the 
laboratory  specimens  probably  had  significant  effects  on  performance. 

The  laboratory  specimens  were  constructed  with  the  fiberglass  laid  on 
top  of  the  foam  core.  Through  gravity  and  fiberglass  rolling,  the 
applied  resin  permeated  through  the  glass  and  into  the  accessible  open 
pores  of  the  foam.  The  benefits  of  gravity  permeation  of  resin  into  the 
open  pores  of  the  foam  core  and  the  increases  in  FRP  strength  due  to 
rolling  of  the  fiberglass  were  not  available  for  the  bottom  faces  of  the 
field-constructed  FOMAT.  In  the  field  FOMAT  panels,  the  foam  core  was 
placed  on  top  of  the  fiberglass  matting  which  had  a thin  layer  of  excess 
resin  on  it.  It  is  believed  that  entrapped  air  (or  gas  generated  during 
resin  curing)  in  the  exposed  surface  pores  of  the  foam  prevented  the 
resin  from  entering  the  open  pores,  thereby  resulting  in  a weak  bond  at 
the  bottom  FRP/foam  core  interface. 

Construction  Defects 

Visual  inspection  of  the  completed  FOMAT  panels  revealed  that  the 
top  FRP  of  panel  S-l-20  was  not  bonded  on  about  one-third  of  the  traffic 
side.  Repair  of  the  bond  was  made  with  hand-mixed  resin.  This  repair 
procedure  was  effective  as  evidenced  by  the  absence  of  bond  separation 
of  the  repaired  upper  FRP/foam  interface  (Figure  34). 

Other  defects  noted  during  inspection  included  gas  bubbles  trapped 
beneath  the  FRP  on  all  panels.  Such  bubbles  were  especially  prevalent 
on  CL-2-15  which  separated  at  the  upper  FRP/foam  interface  (Figure  36). 
Since  the  bottom  FRP/foam  interface  was  not  visible  on  any  of  the  panels 
after  construction,  the  occurrence  of  any  defects  at  this  interface  is 
not  known. 

Supporting  Subsoils 

The  strength  of  the  supporting  soils  beneath  some  of  the  field 
FOMAT  panels  was  less  than  that  simulated  in  the  CEb  model  subgrade 
during  the  tests  of  laboratory  samples.  The  subgrade  modulus  in  the 
laboratory  tests  was  153  psi/in.,  which  compares  with  that  for  the  soils 
in  each  field  test  pit  (Table  8).  Although  subgrade  modulus  is  usually 
determined  from  results  of  tests  with  a 30- inch-diameter  plate,  the 
results  as  shown  for  tests  with  a 12-ineh-dinmeter  plate  provide  a basis 
for  comparison  of  subgrade  supporting  capability  (10).  Table  8 shows 
that  all  of  the  heavy  clay  soils  had  subgrade  moduli  that  were  less  than 
those  simulated  in  the  laboratory  tests.  The  lean  clay  and  sand  soils 
in  the  remaining  test  pits  all  possessed  subgrade  moduli  that  were 
higher  than  the  155  psi/in.  simulated  in  the  laboratory.  It  is  possible 
that  excessive  displacement  resulting  from  failure  of  the  weaker  heavy 
clay  soils  beneath  each  FOMAT  panel  were  precursors  to  bond  failure  at 
the  FRP/foam  interface.  However,  it  is  also  possible  that  because  of 


existing  separations,  the  FOMAT  panels  could  not  support  and  distribute 
the  applied  wheel  loading,  thereby  causing  excessive  displacements  of 
the  underlying  subgrade  soils.  Nevertheless,  the  weak  soils  were  a 
contributing  factor  to  early  termination  of  the  tests. 

FOMAT  Capacity 

To  determine  if  the  cause  of  the  bond  separation  was  due  to  the 
FOMAT  being  inherently  too  weak  to  support  the  loading,  the  finite 
element  computer  analysis  used  earlier  in  the  developmental  program  was 
refined  to  reflect  actual  conditions  for  soil  surfacings  (5].  The 
conditions  assumed  were  as  follows:*  (1)  the  surfacing  had  a finite 
width  (radius)  of  8 load-area  radii  , with  the  outer  boundary  free  to 
move  in  any  direction;  (2)  the  soil  involved  in  the  interaction  was  a 
cone  frustum  of  8-radii  width  at  the  top  with  sides  sloping  outward  at 
30  degrees  from  the  vertical  and  a frustum  height  of  15  radii;  (3)  the 
outer  boundary  of  the  cone  was  free  to  move  vertically  but  restrained 
horizontally;  and  (4)  the  loading  was  250  psi.  The  results  of  this 
analysis  are  compared  with  ultimate  strength  values  of  the  material  and 
are  shown  in  Table  9.  In  the  majority  of  the  cases,  the  calculated 
deflections  agreed  closely  with  those  based  on  extrapolation  or  interpo- 
lation of  deflections  measured  in  plate  bearing  tests  on  the  actual 
FOMAT  panels  just  prior  to  traffic  testing.  At  the  corresponding  calcu- 
lated deflections,  the  maximum  calculated  stresses  were  compared  with 
the  ultimate  strength  of  the  foam  core  material.  This  comparison  showed 
that  in  all  cases,  the  ultimate  strength  was  higher  by  a factor  of  1.5 
or  more  than  the  calculated  maximum  stresses.  It  can,  therefore,  be 
concluded  that  the  bonding  failures  which  occurred  in  the  field- 
fabricated  FOMAT  panels  were  not  due  to  inherent  weakness  of  the  basic 
component  materials. 


FINDINGS 

l.  Analytical  and  laboratory  investigations  have  shown  that  FOMAT 
structural  soil  surfacing,  consisting  of  a rigid  polyurethane  foam  core 
sandwiched  between  two  fiberglass  reinforced  plastic  (FKP)  layers,  has 
good  potential  as  an  expedient  surfacing.  Finite  element  computer 
analyses  have  shown  chat  15-  and  20-pcf  foam  core  between  two  nominally 
1/4-luch-thlck  exterior  layers  can  support  F4  aircraft  wheel  loadings  of 
30,000  pounds  with  a good  margin  of  safety  (1.5  and  higher).  Laboratory 
tests  of  FOMAT  panels  under  static  plate  loadings  in  a mechanical  simulated 
subgrade  confirmed  the  load  carrying  capability  of  FOMAT  as  determined 
in  the  analyses.  Additional  laboratory  tests  showed  that  FOMAT  meets  or 
exceeds  F4  aircraft  arresting  gear  hook  impact  and  jet  engine  heat/blast 
performance  specifications  as  a heavy-duty  matting. 


ft 

l radius  Is  the  width  of  the  area  on  which  the  load  is  applied 
and  equalled  6.18  inches  in  this  case. 


■ Field  fabrication  of  FOMAT  panels  showed  that  a problem  exists  with 
bonding  of  the  polyurethane  foam  core  and  the  bottom  FRP  layers.  All  of 
the  eight  field-fabricated  panels  experienced  some  bond  separation 
between  these  layers.  The  reasons  for  the  separations  possibly  may  be 
(1)  inconsistencies  in  spraying  of  the  resin,  (2)  deficiencies  in  con- 
struction procedures,  (3)  weak  supporting  soils,  and  (4)  previously- 
existing  defects  in  the  constructed  panels.  The  bond  separations  were 
the  cause  of  premature  termination  of  the  traffic  tests. 

3.  Traffic  tests  were  made  with  a simulated  F4  aircraft  wheel  on  eight, 
field-fabricated  FOMAT  panels  e ■ h 8 by  12  feet  in  size.  These  panels 
were  fabricated  over  heavy  clay  <2  3 CBR) , lean  clay  (10  CBR) , and  sand 
(6-12  CBR)  soils.  The  following  numbers  of  passes  were  achieved  before 
the  FOMAT  surface  experienced  a deflection  of  0.9  to  1.0  inch  under  the 
wheel: 


Soil  Type 

Foam  Density 
(pcf) 

Lean  Clay 

15 

Lean  Clay 

20 

Sand 

20 

Sand 

15 

Sand 

20 

Heavy  Clay 

20 

Heavy  Clay 

15 

Heavy  Clay 

20 

Foam  Thickness 

(in. ) No.  Passes 

2 40 

2 40 

2 22 

2 4 

1 4 

2 1 

2 1 

1 1 

termination  of  the  traffic  tests 


From  the  above  data  it  can  be  seen  that 
on  each  panel  was  dependent  on  the  soil  rather  than  on  the  FOMAT  installed 
thus,  it  is  likely  that  deficiencies  were  present  in  the  constructed 
panels  prior  to  testing. 


RECOMMENDATIONS 

It  is  recommended  (1)  that  field  construction  techniques  he  investigated 
to  insure  positive  baud  between  the  polyurethane  foam  core  and  partieularl 
the  lower  (bottom)  FRP  layer,  (2)  that  after  development  of  techniques, 
effectiveness  he  verified  in  field  construction  experiments,  and  (3) 
that  traffic  tests  be  performed  on  the  fabricated  FOMAT  from  these 
experiments  to  obtain  design  data. 
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construction  (two  fiberglass  mattings  on 


Figure  2.  Surface  deflection  under  load  (20-pcf  foam  core)  as  computed 
in  finite  element  analysis. 


blast  test  area. 


thermocouple 

location 


I-* — 1ft ► -« lft ► 


test  panel  position 


Thermocouple  locations  and  temperatures  measured  on  the  test 
table  prior  to  installation  of  the  FOMAT  panel  for  the 
nominal  500°F  tests. 
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Figure  27.  Plate  bearing  test  results  on  surface  of  FOMAT  panels 

CH-1-20,  CH-2-15  and  CH-2-20  (items  1,  4,  and  7,  respectively) 


1-1-20,  S-2-15  and  S-2-20  (items  3,  6,  and  9,  respectively). 
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Figure  33.  Cross  section  of  FOMAT  panel  CH-1-20  after  one  pass  of 
the  wheel. 
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Figure  34.  Cross  section  of  FOMAT  panel  S-1-2C  after  four  passes  of 
the  wheel. 
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Table  2.  Comparison  of  Ultimate  Strength  Values  for  the  FRP  and  Foam  Materials  With 
Maximum  Calculate^  Stresses  From  the  Finite  Element  Computer  Analysis 
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Table  3.  FOMAT  Load  Bearing  Test  in  Mechanical  Subgrade 
(Diameter  of  plate,  12  in.  Subgrade  CBR,  6-8) 


Load 

Deflection  (in.) 

(lb) 

6 in. 

9 in. 

15  in. 

22  in. 

32  in. 

5,000 

0.005 

0.038 

0.022 

0.009 

-0.002 

10,000 

0.097 

0.071 

0.039 

0.015 

-0.006 

15,000 

0.144 

0.105 

0.057 

0.021 

-0.012 

20,000 

0.190 

0.138 

0.075 

0.027 

-0.016 

30,000 

0.279 

0.202 

0.110 

0.039 

-0.028 

40,000 

0.377 

0.271 

0.147 

0.051 

-0.038 

50,000 

0.474 

0.338 

0.181 

0.060 

-0.053 

60,000 

0.574 

0.403 

0.213 

0.067 

-0.069 

70,000 

0.674 

0.469 

0.245 

0.073 

-0.089 

71, 75'Ja 

0.710 

0.492 

0.256 

0.073 

-0.100 

Fiberglass  cracking  noise  at  this  load 
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S-2-20  Resin  from  different  containers  Looks  good 

used  to  spray  each  fiberglass 
layer  for  the  bottom  FRP  layer. 
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Table  7.  Comparison  of  Average  Ultimate  Beam  Load  Test  Results  From 
Field-Installed  and  Laboratory-Constructed  Specimens 
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3,130  (WES) 

Table  8.  Subgrade  Modulus  as  Determined  From  Plate  Bearing 
Tests  With  a 12-inch  Plate  on  the  Surface  of  the 
Soil  in  Each  Test  Pit 
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These  deflection  values  were  obtained  by  extrapolating  (except  the  last  two 
values  which  were  obtained  by  interpolating)  the  plots  for  plate  bearing 
tests  performed  on  each  FOMAT  panel. 
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NAVSH1PYD  Code  440,  Norfolk,  PWO 

NAVSTA  CO.  Engr.  Dir.,  Rota  Spain,  PWD/Engr.  Div.  Puerto  Rico,  ROICC,  Rota  Spain,  SCE,  Guam 
NAVSUPPACT  Maint.  Div.  Dir/Code  531,  Rodman  Canal  Zone 
NAVWPNCEN  PWO  (Code  70),  China  Lake  CA 
NAVWPNSTA  PWO 

NAS  Code  114,  Alameda  CA.  PWD(F.NS  E.S.  Agonoy),  Chase  Field,  Beeville  TX.  PWO(M.  Elliott),  Los  Alamitos 
CA 

NAVCOMMSTA  PWO,  Norfolk  VA 

NAVCONSTRACEN  CO  (CDR  C.L.  Neugent).  Port  Hueneme.  CA 
NAVFACENGCOM  Code  0453  (D.  Potter) 

NAVFACENGCOM  - NORTH  DIV.  Code  09P  (LCDR  A.J.  Stewart).  Design  Div.  (R.  Masino),  Philadelphia  PA 
NAVFACENGCOM  CONTRACTS  TRIDENT  (CDR  J.R.  Jacobsen),  Bremerton  WA  98310 
NAVSCOLCECOFF  CO.  Code  C44A 

NAVSHIPYD  CO  Marine  Barracks.  Norfolk,  Portsmouth  VA,  Code  Portsmouth  NH.  PWD  (LT  N.B.  Hall),  Long 
Beach  CA 

NAVSTA  Utilities  Engr  Off.  (LTJG  A.S.  Ritchie),  Rota  Spain 
NAVSUPPACT  AROICC  (LT  R.G.  Hocker),  Naples  Italy 
NAVWPNCEN  ROICC  (Code  702).  China  Lake  CA 
NAVWPNSTA  ENS  G.A.  Lowry.  FallbrookCA 
NAVWPNSUPPCEN  PWO. 

NCBC  CEL  (CDR  N.W.  Petersen),  Port  Hueneme,  CA,  Code  10,  PW  Engrg,  Gulfport  MS 
NCBU  41 1 OIC,  Norfolk  VA 
NCR  20,  Commander 

NMCB  133  (ENS  T.W.  Nielsen),  5.  Operations  Dept.,  74.  CO.  Forty.  CO,  THREE,  Operations  Off. 

NRl.  Code  8441  (R.A.  Skop).  Washington  DC 
NROTCU  Univ  Colorado  (LT  D R Burns),  Boulder  CO 
NSC  E.  Wynne.  Norfolk  VA 
NTC  OICC.  CBU-401.  Great  Lakes  11. 

NUC  Code  409  (D.  G.  Moore),  San  Diego  CA.  Code  4099  (F..  Hamilton).  San  Diego  CA 
NUSC  Code  SB  331  (Brown),  Newport  RI 
ONR  Dr.  A.  Laufer.  Pasadena  CA 
PACMISRANFAC  CO,  Kekaha  HI 

PLASTICS  TECH  EVAL  CTR  PICATINNY  ARSENAL  A.  Anzalone.  Dover  NJ 
PMTC  Pat.  Counsel.  Point  MuguCA 

PWC  ACE  Office  (LTJG  St.  Germain).  Code  120.  Oakland  CA,  Code  120C  (A.  Adums),  Code  200,  Great  Lakes  IL. 
Code  200,  Oakland  CA,  Code  220.  ENS  J.A.  Squatrito.  Sun  Francisco  Bay,  Oaklund  CA.  Library,  Subic  Bay.  R.P., 
OIC  CBU-405.  San  Diego  CA,  XO 
SPCC  PWO  (Code  120  & I22B)  Mechanicsburg  PA 
SUBASE  NEW  LONDON  LTJG  D.  W.  Peck  Groton  CT 
USCG  ACADEMY  LT  N.  Stramundi.  New  London  CT 
USCG  R&D  CENTER  D.  Motherway.  Groton  CT 

USNA  Ch.  Mech.  Engr.  Dept.  PWD  Engr.  Div.  (C.  Bradford).  Sys.  Engr  Dept  (Dr.  Monncy).  Annapolis  MD 
CALIFORNIA  INSTITUTE  OF  TECHNOLOGY  PASADENA.  CA  (SCOTT) 


CALIFORNIA  STATE  UNIVERSITY  LONG  BEACH.  CA  (CHELAPATI).  LONG  BEACH,  CA  (YEN) 
COLORAIX)  STA  TE  UNIV..  FOOTHILL  CAMPUS  Engr  Sci.  Branch.  Lib.,  Port  Collins  CO 
CORNELL  UNIVERSITY  Ithaca  NY  (Serials  Dept,  Engr  Lib.) 

DAMES  & MOORE  LIBRARY  LOS  ANGELES,  CA 
DUKE  UNIVERSITY  DURHAM.  NC(VESIC) 

ENERGY  ROCK  & DEVF.L.  ADMIN  WASHINGTON.  DC  (DIV  OF  SOLAR  ENERGY,  COHEN) 

FLORIDA  ATLANTIC  UNIVERSITY  BOCA  RATON,  FL  (MC  ALLISTER) 

FLORIDA  ATLANTIC  UNIVERSITY  Boca  Raton  FL  (W.  Tessin) 

FLORIDA  TECHNOLOGICAL  UNIVERSITY  ORLANDO.  FL  (HARTMAN) 

GEORGIA  INSTITUTE  OF  TECHNOLOGY  Atlanta  GA  (B.  Mazanti) 

IOWA  STATE  UNIVERSITY  Ames  IA(CE  Dept.  Handy) 

VIRGINIA  INST.  OF  MARINE  SCI.  Gloucester  Point  VA  (Library) 

LEHIGH  UNIVERSITY  BETHLEHEM,  PA  (MARINE  GEOTECHNICAL  LAB..  RICHARDS).  Bethlehem  PA 
(Fritz  Engr.  Lab  No.  13,  Beedle),  Bethlehem  PA  (Linderman  Lib.  No.30,  Flecksteiner) 

LIBRARY  OF  CONGRESS  WASHINGTON.  DC  (SCIENCES  & TECH  DIV) 

MASSACHUSETTS  INST.  OF  TECHNOLOGY  Cambridge  MA  (Rm  10-500.  Tech.  Reports.  Engr.  Lib.).  Cambridge 
MA(Rm  14  E2I0.  Tech.  Report  Lib.),  Cambridge  MA  (Whitman) 

MICHIGAN  TECHNOL.OGICAL  UNIVERSITY  HOUGHTON.  MI  (HAAS) 

NY  CITY  COMMUNITY  COLLEGE  BROOKLYN.  NY  (LIBRARY) 

OHIO  STATE  UNIVERSITY  COLUMBUS.  OH  (INST.  OF  POLAR  STUDIES) 

OREGON  STATE  UNIVERSITY  CORVALLIS.  OR  (CE  DEPT.  BELL).  CORVALLIS.  OR  (CE  DEPT.  HICKS) 
PENNSYLVANIA  STATE  UNIVERSITY  UNIVERSITY  PARK.  PA(GOTOLSKI) 

PURDUE  UNIVERSITY  LAFAYETTE.  IN  (ALTSCHAEFFL).  LAFAYETTE.  IN  (CE  LIB).  Lafayette  IN 
(Leonards) 

RUTGERS  UNIVERSITY  New  Brunswick  NH  (Civil  & Environ  Engr  Dept.,  du  Bouchet) 

SAN  DIEGO  STATE  UNIV.  Dr.  Krishnamoorthy.  San  Diego  CA 

TEXAS  A&M  UNIVERSITY  COLLEGE  STATION.  TX  (CE  DEPT).  College  TX  (CE  Dept.  Hcrbich) 

UNIVERSITY  OF  CALIFORNIA  BERKELEY.  CA  (CE  DEPT.  MITCHELL).  BERKELEY.  CA  (OFF.  BUS.  AND 
FINANCE.  SAUNDERS).  DAVIS.  CA  (CE  DEPT.  TAYLOR).  LIVERMORE.  CA  (LAWRENCE  LIVERMORE 
L.AB,  TOKARZ).  La  Jolla  CA(Acq.  Dept.  Lib.  C-075A).  SAN  DIEGO.  CA.  I.A  JOLLA.  CA  (SEROCKI) 
UNIVERSITY  OF  DELAWARE  Newark.  DE  (Dept  of  Civil  Engineering.  Chesson) 

UNIVERSITY  OF  HAWAII  HONOLULU.  H!(CE  DEPT.  GRACE).  HONOLULU.  HI  (SCIENCE  AND  TECH. 
DIV.) 

UNIVERSITY  OF  ILLINOIS  URBANA.  IL  (DAVISSON).  URBANA.  II.  (LIBRARY).  URBANA.  IL  (NEWARK). 
Urbana  IL  (CE  Dept.  W.  Gamble) 

UNIVERSITY  OF  MASSACHUSETTS  (Heronemus).  Amherst  MA  CF.  Dept 
UNIVERSITY  OF  MICHIGAN  Ann  Arbor  Ml  (Riehart) 

UNIVERSITY  OF  NEBRASKA-LINCOLN  LINCOLN.  NE  (SPLETTSTOESSER) 

UNIVERSITY  OF  NEW  MEXICO  Albuquerque  NM(Soil  Meeh.  & Puv.  Div..  J.  Nielsen) 

UNIVERSITY  OF  TEXAS  AT  AUSTIN  Austin  TX(R.  Olson) 

UNIVERSITY  OF  WASHINGTON  SEA1TLE.  WA  (MERCHANT).  SEATTLE.  WA  (OCEAN  ENG  RSCH  LAB. 
GRAY) 

US  GEOLOGICAL  SURVEY  Off.  Marine  Geology,  MnilstopVI5.  Reston  VA 
ATLANTIC  RICHFIELD  CO.  DALLAS,  TX  (SMITH) 

AUSTRALIA  Dept.  PW  (A.  Hicks).  Melbourne 
BECHTEL  CORP.  SAN  FRANCISCO.  CA  (PHELPS) 

BETHLEHEM  STEEL  CO.  BETHLEHEM.  PA  (STEELE) 

BROWN  & ROOT  Houston  TX  (D.  Ward) 

CANADA  Mem  Univ  Newfoundland  (Chari),  St  Johns,  Surveyor.  Ncnningcr  A Chcnevcrl  Inc...  Warnoek  Hcrsey 
Prof.  Srv  Ltd.  La  Sale,  Quebec 
DAMES  & MOORE  LIBRARY  la*  Angeles  CA  (T.  Builoek) 

DRAVOCORP  Pittsburgh  PA  (Giannino) 

DURLACH.  O'NEAL.  JENKINS  & ASSOC.  Columbia  SC 

NORWAY  DET  NORSK E VERITAS (Uhrury),  Oslo 

ESSO  PRODUCTION  RESEARCH  CORP,  HOUSTON,  TX  (RUNGE) 

FRANCK  P,  Jensen.  Boulogne.  Piene  litunay.  Boulogne- Billaneourt 
GEOTECHNICAL  ENGINEERS  INC.  Winchester.  MA  (Paulding) 

HALEY  A ALDRICH.  INC.  Cambridge  MA  (Aldrich.  Jr.) 

HONEYWELL.  INC,  Minneapolis  MN  (Residential  Engr  Lib.) 
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ITAt.Y  M.  Cuironi.  Milan,  Sergio Tationi  Milano 

LAMONT-IXJHERTY  GEOLOGICAL  OBSERV,  PtUlnadeK  NY  (MeCoy).  Palisades  NY  (Selwyn) 

LOCKHEED  OCEAN  I.ABORATORY  San  DiegoCA  <F.  Simpson) 

MARATHON  OIL  CO  Houston  TX  (C.  Seay) 

MCCLELLAND  ENGINEERS  INC  Houston  TX(B.  McClelland) 

MCDONNEL  AIRCRAFT  CO.  Dept  501  (R.H.  Fayman).  St  l-ouis  MO 

MUESER,  RUTLEDGE.  WENTWORTH  AND  JOHNSTON  NEW  YORK  (RICHARDS) 

NEW  ZEALAND  New  Zealand  Concrete  Research  Assoc,  (librarian).  Porirua 

NORWAY  DE  I NORSKE  VERITAS  (Roren)  Oslo,  J.  Creed.  Ski.  Norwegian  Tech  Univ  (Brandtzaeg).  Trondheim 

OFFSHORE  DEVELOPMENT  ENG.  INC.  BERKELEY.  CA.  Berkeley  CA 

PORTLAND  CEMENT  ASSOC.  SKOKIE.  It.  (CORELY).  Skokie  IL  (Rsch  it  Dev  Lab,  Lib.) 

PRESCON  CORPTOWSON.  Ml)  (KELl.KR) 

RAND  CORP.  Santa  Monica  CA  (A.  taupe) 

SANIMA  LABORATORIES  Library  Div..  Livermore  CA 
SEATECH  CORP.  MIAMI.  Fl.lPERONl) 

SHELL  DEVELOPMENT  CO.  Houston  TX  (E.  Doyle) 

SHELL  OIL  CO.  HOUSTON.  TX(BEA).  HOUSTON.  TX  (MARSHALL) 

TIDEWATER  CONSTR.  CO  Norfolk  VA  (Fowler) 

TRW  SYSTEMS  REDONDO  BEACH.  CA(DAI) 

UNITED  KINGDOM  Cement  it  Concrete  Assoc.  (R.  Rowe).  Wcxham  Springs.  Slough  Bucks.  D.  New.  G.  Maunsell 
& Partners.  London.  Shaw  & Hatton  (F.  Hansen),  London.  Taylor.  Woodrow  Constr  (0I4P).  Southall.  Middlesex 
USGS  MENLO  PARK.  CA  (Y(K)D) 

WOODWARD-Ct.YDF.  CONSULTANTS  Dr.  J.  Galley.  Orange  CA.  Oakland  CA  (A.  Harrigan).  PLYMOUTH 
MEETING  PA  (CROSS.  Ill) 

Al.  SMOOTS  Los  Angeles.  CA 

BRYANT  ROSE  Johnson  Div.  UOP.  Glendora  CA 

F.  HENZE  Boulder  CO 

CAPT  MUkPHY  SAN  BRUNO.  CA 

T.W.  MERMEL  Washington  DC 


